This literature review presents a summary of papers related to the determination of the sources of cobalt compound presence in the environment and the resulting pollution of water and land. Their properties, determining their toxicity to living organisms, have been specified, with sections devoted to their effect on microorganisms and plants. The influence (negative and positive) of cobalt on living organisms in water and soil environments, including the biological balance of the soil (the number of microorganisms, enzymatic activity) and plant growth and development, and the possibilities of their use in the phyto-and bioremediation of areas polluted with cobalt have been described. Particular emphasis has been placed on the presentation of the effect of cobalt on animals and man.
Introduction
Throughout history, human activity has contributed to environmental transformation. Over time, substantial population growth has significantly influenced the introduction of innovations in the world of technology which, in turn, have caused increasing interference of some processes in the environment (Guzmán-Morales et al., 2011). The development of industry, electric appliances, transport and the use of growing amounts of chemicals, mainly in the construction, chemical and agricultural sectors, has led to the appearance of different kinds of pollutants in the environment ( Wyszkowski, 2014) .
Heavy metals are the most common group of pollutants reducing the natural regeneration ability of the environment (Malik and Zeb, 2009; Mansouri et al., 2012) . Many heavy metals are necessary for the proper functioning of living organisms. Some others, however, exert a negative effect on their development Wyszkowski, 2002, 2003; Ciećko et al., 2005; ; Chmielowska-Bąk et al., 2014) and it should be remembered that the toxicity of a given chemical compound is determined by the dose introduced into the organism in a unit of time (Dhaneesh et al., 2012; Dobrowolski and Otto, 2012; Bezerra et al., 2014) .
In environmental protection, the greatest focus is on such heavy metals as cadmium, lead and mercury, although other micronutrients also deserve attention due to the possibility of significant soil loading (Page and Feller, 2005) . Among the elements present in amounts exceeding trace values in the soil, water, and air environments, cobalt (not yet fully known as a trace element) has attracted special attention (Fermoso et al., 2010) . The diversified use of this metal in different branches of industry has caused growing demand in the world market (Lefebvre et al., 2008 ; Malik and Zeb,
Sources and forms of cobalt presence in the environment
In the periodic table of elements, cobalt is classified as a transition metal (Koch et al., 2007) . It has both chalcophile, siderophile and lithophile properties. Its chalcophility manifests itself mainly in the fact that it can occur in the form of sulfides in the lowest parts of the Earth's mantle (Lock et al., 2006) , while cobalt siderophility is related to its low affinity to oxygen and sulfur, which makes this metal soluble in liquid nitrogen and able to occur in the Earth's core. Cobalt also occurs in the silicate layer of the Earth's crust, which indicates litophile properties. It is assumed that the natural cobalt content in the Earth's crust does not exceed 12 mg·kg -1 (Sheppard et al., 2007) . Alkaline igneous rocks are the largest cobalt accumulators. They contain up to 200 mg·kg -1 of this element, while the same igneous rocks, but with an acidic character, contain no more than 15 mg·kg -1 . Small cobalt contents are also found in sedimentary rocks, where its concentration is highest in mudstones (around 20 mgkg -1 ) and lowest in limestones (around 3 mg·kg -1 ). Minerals are also a source of cobalt, which include CoAsS (cobaltite), CoCO3 (spherocobaltite), Co3S4 (linnaeite), Co(Ni)As3 (smaltite) and CoAs2 (safflorite) (Luo et al., 2010) . The contamination of soil with cobalt have the effect on other trace elements in soil, e.g. they may be increased the content of lead, chromium, nickel and zinc in soil (Kosiorek and Wyszkowski, 2019c) .
Cobalt is released during the weathering process in the oxidation state of +2 and is then strongly bound by the mineral and organic-mineral complex in a readily-and slowly-exchangeable form (Swarnalatha et al., 2013) . Due to ion exchange and chemical processes, cobalt is adsorbed by clay minerals, which results in the formation of complex compounds on their surface (Li et al., 2009) . Special importance in this respect is attributed to montmorillonite, whose sorption capacity (also including for cobalt) is significantly higher than other clay minerals. The adsorption of this element by manganic minerals is also possible. The most frequent form of cobalt presence in the soil is Co 2+ (ionic form), Co 3+ (coordination compounds) as well as CoOH + andCo(OH)3 -. Moreover, small amounts of readily-soluble cobalt in the form of Co(OH)2 0 occur in the soil solution, whose amount compared to the total content is no higher than 5%. Organic fertilization causes a small increase in the amounts of cobalt in a soluble form in the soil (Faucon et al., 2007) . A naturally high soil cobalt level is closely linked to manganese and iron presence as well as organic soils. This is due to the high susceptibility of the oxides of these metals to binding and adsorbing the cations of divalent and trivalent cobalt, as well as easy sorption by organic matter (Dávila-Rangel and Solache-Ríos, 2006). It is assumed that loamy and alluvial soils have naturally high cobalt contents of up to 12 mg·kg -1 , and podsolic and silty soils have the lowest, with a mean cobalt content of only 5.5 mg·kg -1 . Compared to the average cobalt content in the world's soils, this value is not much higher than the lowest cobalt content in sandy and silty soils, where it is 8 mg·kg -1 . However, soils formed from bedrock with a high cobalt content can contain up to 500 mg·kg -1 of this element (Tappero et al., 2007) .
Cobalt mobility in soils is low (Fujikawa and Fukui, 2001; Edwards et al., 2012) . It is assumed that over 95% of cobalt after prior introduction into the soil does not move and it remains in the soil down to a depth of around 5 cm. Increasing the acidity and anaerobic soil conditions causes the cobalt mobility to increase (Narendrula et al., 2012) . The main cause of this tendency is the inhibition of valence bonds with Fe and Mn. However, since divalent cobalt and manganese ions do not have strong complex formation abilities, the outer hydration shell is not destroyed during their binding . The presence of cobalt in the form of chelates also contributes to increasing the soil mobility of this element. The main causes of increasing the soil cobalt content include improper fertilizer management (Saaltink et al., 2014) , use of some pesticides (Defarge et al., 2018) as well as inappropriately-used sludge from municipal sewage treatment plants (Ebrahimi et al., 2009; Ben-Fredj et al., 2014; Zupančič and Skobe, 2014) . Application of different substances (e.g. manure, zeolite, calcium oxide) to soil reduced the content of cobalt and other trace elements in soil (Kosiorek and Wyszkowski, 2019c) . These materials (especially manure) have a positive effect on the available forms of phosphorus, potassium and magnesium, total nitrogen and other properties of soil (Kosiorek and Wyszkowski, 2019b) .
Significant importance is also attributed to cobalt compounds emitted to the air, mainly during the combustion of hard coal and petroleum, which are especially transferred to the soil environment during intensive precipitation (Biswas et al., 2013; Singh and Cameotra, 2013) . The extraction of different kinds of raw materials, particularly metallic, also leads to soil pollution with this element (Narendrula et al., 2012; Huang et al., 2013) . Transport also causes a rise in cobalt content in the environment (Kuoppamäki et al., 2014; Werkenthin et al., 2014) .
In Poland, the soil cobalt content limits are set out in the Regulation of the Polish Minister of the Environment of 1 September (2016) on soil quality standards and land quality standards. For protected areas and land which is part of a protected area and in the surface soil layer (down to 30 cm) of agricultural land, the permissible cobalt content should not be higher than 20-50 mg·kg -1 of soil dry matter and in the soil layer in industrial areas, surface mining land in use and communication areas, it may not exceed 200 mg·kg -1 of soil dry matter.
Both in surface waters and groundwaters, cobalt occurs in the oxidation state of +2 and +3. Moreover, it can also occur in the form of complex compounds, which it forms with cyanides, ammonia and edetic and nitrilotriacetic acid, most often present in different kinds of detergents (Ghassabzadeh et al., 2010) . The natural cobalt concentration in fresh surface waters does not exceed 0.2 µg·dm -3 and in drinking water it is 0.03 µg·dm -3 . Salt groundwaters, compared to fresh waters, are characterized by its lowest natural content -0.02 µg·dm -3 (Qiu and Zheng, 2009 ). Cobalt solubility mainly depends on the pH of the water environment and on its concentration (Ochieng et al., 2009 ). The content of cobalt in surface waters is various ( Table 1) .
Due to rapid cobalt binding by organic matter, all kinds of clay minerals and iron and manganese in an oxide form, cobalt in an oxidized form does not persist very long in water. The result is substantial cobalt accumulation in the bottom sediments of both fresh and salt waters (Sukdeo et al., 2012; Ghandour et al., 2014) , where its content in the sediments of flowing surface waters is around 13 mg·kg -1 . According to Jayasiri et al. The metals and ceramic industries are most responsible for cobalt introduction into surface waters. Due to the wide-ranging application of this metal, particularly in the petrochemical, aviation or power industries, the amount of introduced wastewater with substantial cobalt contents has a negative effect not only on the condition of surface waters, but also on the condition of groundwaters ( In Polish legislation, the permissible reference values for cobalt are contained in the Regulation of the Polish Minister of the Environment of 26 January (2010) on reference values for various substances in the air. The permissible reference value for cobalt, expressed as the sum of this metal and its compounds in PM10 dust, averaged for the time of 1 h, is 5 µg Co·dm -3 and for the whole calendar year this value should not exceed 0.4 µg Co·dm -3 . EU law sets out the average emission limit values for 10 heavy metals in total, including cobalt and its compounds (expressed as cobalt -Co) at 0.5 Co, 60 Co isotopes, resulting from human activity (Tappero et al., 2007; Antony et al., 2011) . They are characterized by radioactive properties, due to which they can emit beta and gamma radiation to the environment. Beta and gamma particles are charged positively or uncharged, respectively. Their formation is the result of numerous nuclear reactions. The radioactive half-life of cobalt ranges from several dozen days to thousands of years (Mollah and Begum, 2001 ). Cobalt isotopes have very wide application. An example can be 60 Co, which serves both for human radiotherapy and also for cold pasteurization of different seasonings and food products. Despite their positive use, cobalt isotopes are also a by-product of nuclear processes (Nagpal, 2004) . Their negative environmental impact is associated with their high mobility, which mainly depends on the chelate effect of the radioactive cobalt compound and on its oxidation state. Its decomposition in the soil is a very long process and can be accelerated only by decay if it is organic pollution. In the water environment, radioactive cobalt occurs in the oxidation state of +2 and +3 (Tappero et al., 2007) . Cobalt in the oxidation state of +3 is both stable and mobile in the water environment. Cobalt presence in a divalent form allows easier adsorption of free ions of this element on the surface of iron occurring in an oxide form. The cobalt(II) form is not as stable as cobalt(III), which is caused by the absence of ligands responsible for its persistence in water (Hau et al., 2008) .
In Polish legislation, there are no set out radioactive cobalt limits and in international law the content limit for this form of cobalt present in surface waters is set out by USEPA (2000 after 56 FR 33121, Appendix B 000), where for 57 Co this level is 4870 pCi·dm -3 , for 58 Co -1590 pCi·dm -3 and for 60 Co -218 pCi·dm -3 .
As it results from the review of the above literature, the main cause for the contamination of the environment with cobalt has become the development of civilisation, and the inextricably linked development of industry. The elevated contents of this element taken up from the soil, water or the air by living organisms have been introduced into the food chain, at the same time creating a risk to their lives and proper functioning ( Fig. 1) .
Cobalt is not biodegradable as after its introduction to the environment, it constantly circulates within it, with only its form being transformed. With the introduction of cobalt into higher and higher links of the food chain, however, the excessive accumulation thereof occurs. Therefore, it creates the greatest risk to the final link of the food chain, namely the human (Biesalski and Grimm, 2012).
Effect of cobalt on microorganisms
The soil is inhabited in the greatest numbers by viruses, bacteria, fungi, algae and protozoa. Due to organic matter decomposition, they expand their biomass and contribute to increasing humus in the soil. Proper microorganism development depends on different kinds of factors, such as: light, humidity, temperature or nutrient availability. Among the many compounds affecting the course of microbiological processes, special importance is attributed to trace elements, which include cobalt . This is particularly visible for papilionaceous plants, due to their symbiosis with nodule bacteria. In these bacteria, cobalt is the activator of the urease enzyme, which is the catalyst in the urea decomposition reaction (Witte et al., 2002) . Apart from carbon dioxide and water, the main product of this reaction is ammonia, which is also the final product of ammonification and enables the initiation of nitrification, where this compound will be oxidized to nitrites and nitrates (Guo et al., 2014) . Nitrification is one of the major processes characterizing soil quality. Cobalt has a crucial effect on nitrification rate, but its excessive content in the soil may inhibit the process (Wyszkowska et al., 2006) . In a study by Wyszkowska et al. (2006) in soil with a neutral reaction, this process was inhibited to a small degree by cobalt, applied at a lower dose (200 mg·kg -1 soil), regardless of the testing date. Under a higher cobalt dose (400 mg·kg -1 soil), nitrification decreased twofold-threefold. This adverse effect disappeared completely on the 60 th day of soil incubation. An excessive soil cobalt content may cause a decrease in the mineral nitrogen content (N-NH4 + + N-NO3 -). According to Welp (1999) cobalt acts more weakly in the soil than other heavy metals on the activity of dehydrogenases: Hg > Cu > Cr 6+ > Cr 3+ > Cd 2+ > Ni 2+ > Zn 2+ > As 3+ > Co 2+ > Pb 2+ and, in the view of Nowak et al. (2003) also on the activity of acid phosphatase: 2+ and alkaline phosphatase:
According Apart from microorganisms reacting negatively to high cobalt doses, there are also those which have the ability to remove it. The reduced cobalt harmfulness to these organisms is the result of their having cell systems affecting accumulation, excretion or enzymatic changes, which can reduce its harmfulness (Hoffman et al., 2010) . There are also typically specialized groups of microorganisms with specific regenerative abilities enabling the accumulation of excessive cobalt amounts from the soil ( Some groups of microorganisms, due to the production of biosurfactants, have the ability to remove cobalt. They mainly include bacteria, fungi and yeasts. One of the many microorganisms able to produce surface active agents in the form of lipopeptides is the bacterium Bacillus subtilis. Singh and Cameotra (2013) report that the ability to remove cobalt resulting from the application of this biosurfactant is over 35%.
Maintaining proper growth conditions for a given group of microorganisms to increase pollutant removal efficiency also has a special effect on the initiation of the above processes (Abdel-Razek et al., 2009). According to Amir and Pineau (2003) acceleration of cobalt cleanup from the soil by heterotrophic bacteria can be affected by a slightly acid soil reaction. Maintaining the pH at this level creates ideal conditions for faster release of this element in the soil, due to which it becomes more available to these microorganisms. Cobalt biosorption rate is also affected by the ambient temperature at which microorganisms live (Biswas et al., 2013) . The higher it is, the more efficient this process is. This relationship was also confirmed by Abdel-Razek et al. (2009) who found raising the temperature by 10 °C led to an increase in cobalt accumulation by around 10%. Soil microorganisms are also able to remove radioactive cobalt, which is confirmed by Sassman et al. (2007) .
Cobalt is also present in salt and fresh surface waters and in groundwaters. Its proper amount, not exceeding the limit values, is necessary for the course of growth processes in water microorganisms, as well as for soil microorganisms (Elleuche et al., 2014) . Microorganisms present in water are also able to reduce cobalt content under conditions of its excessive accumulation (Amir and Pineau, 2003). These processes include extracellular secretion, biotransformation and intracellular absorption and its precipitation outside the cleaning organism. Apart from naturally-occurring water microorganisms able to absorb cobalt, there are also those which are characterized by a higher biosorptive ability. Bacteria present in sea water can also contribute to cobalt content reduction ( Cobalt content varies depending on plant organ type. Murtaza et al. (2008) found that this content is higher in leaves than in the other parts of vegetables. This was also confirmed in a study by Chatterjee and Dube (2005) where cobalt was accumulated in greater amounts in the aboveground parts of cauliflower and cabbage than in their roots. For cereals, as Page and Feller (2005) reported that a similar tendency was obtained in wheat, but younger leaves have a much higher requirement for this element than older ones.
Effect of cobalt on plants
Cobalt toxicity is closely related with the acidity of the soil. In alkaline soil the toxic effect of cobalt contamination on plant development is smaller than in acid soil. For higher plants, no effect of cobalt on their growth and development has been shown Application of different sorbents to soil (e.g. manure, calcium oxide, etc.) is effective in reducing the negative effect of contamination of cobalt on plants ( Figs. 2 and 3) . They reduced the content of cobalt and its bioconcentration and translocation in plants.
As a result of exceeding the limit values for cobalt, iron assimilability is blocked, which causes the appearance of toxic symptoms ( (Kosiorek and Wyszkowski, 2019d) . The stress of cobalt increased the production of some amino and organic acids (Hu et al., 2019) . The increased cobalt content in the plants characterized by high abilities for its accumulation usually causes them to have lower amounts of nutrients, such as calcium, potassium or magnesium (Faucon et al., 2009 ). These plants also have limited water absorption ability (Karuppanapandian and Kim, 2013 ).
An excessive soil cobalt content, apart from reducing plant growth and development, can affect the absorption of other elements by plants. In a study by soil contamination with cobalt caused a decrease content of potassium, phosphorus, sodium, magnesium and especially calcium in the aboveground parts of oats. In another experiment by Wyszkowski and Wyszkowska (2007) low cobalt doses (10-20 mg Co·kg -1 soil) had a small effect on macronutrient content in spring barley. Its very high doses (320 mg Co·kg -1 soil) caused increased contents of all macronutrients, especially calcium, sodium and nitrogen, in the aboveground parts of this plant. In experiment by Kosiorek and Wyszkowski (2019a) the contamination of soil with cobalt increased the concentration of nitrogen, phosphorus, sodium, calcium in all organs of oat (grain, straw and roots). Chatterjee and Chatterjee (2003) 
Effect of cobalt on animals
Cobalt is included among elements commonly present in the cells of animal organisms. Its content depends on the feed type consumed by a given animal and on the state of environmental pollution at the place where it lives (Söyüt and Beydemir, 2011) . Vitamin B12 and cyanocobalamin is the most frequent form of cobalt presence inside the body of animals, both terrestrial and aquatic. Cobalt content in these compounds is over 6%. The presence of vitamin B12 enables the regulation of erythrocyte production as well as of the metabolism of proteins and nucleic acids (Stangl et al., 2000; Antony et al., 2011) . This compound also participates in many enzymatic redox processes as the activator. Only those microorganisms that live in the soil, water environment and in an animal's alimentary tract are capable of its synthesis (Mukherjee and Kaviraj, 2011) .
The effect of cobalt on aquatic animals is particularly important due to assisting enzymatic and metabolic processes (Mukherjee and Kaviraj, 2011; Söyüt and Beydemir, 2011) Sandergaard, 2013) . In the body of terrestrial animals, cobalt is important due to its participation in the formation of vitamin B12 (Stangl et al., 2000) . In ruminants, it is produced in the rumen (Agbenin, 2002; Tiffany and Spears, 2005; Bishehsari et al., 2010) and the amount of this vitamin is highest in muscles, liver, kidneys and the heart. Animal products such as eggs, cheeses or milk can also contain substantial amounts of cobalt (Tiffany and Spears, 2005) .
Cobalt content within the optimal amount is necessary for the course of proper life processes in every organism living on land. The youngest animals have the highest requirement for this element (Kadim et al., 2006; Ceacero et al., 2009 ). Older animals have a lower cobalt requirement, but its content rises over time as a result of accumulation. Cobalt also plays an important role as the catalyst of many enzymatic processes (Swarup et al., 2006) . Kadim et al. (2006) found that the injection of 350 pg dm -3 of cobalt ensures the proper course of growth processes. The appropriate cobalt level in insects inhibits caspase production, due to which the intestinal epithelium is not damaged (Cheruiyot et al., 2013) .
Both a deficiency and excess of cobalt can result in the appearance of disease symptoms. Sheep are particularly sensitive to cobalt deficiency, as reported by Bishehsari et al. (2010) . An excessively low cobalt dose in the feed of these animals becomes the cause of anemia, reduced plasma homocysteine concentration (Stangl et al., 2000; Taugbol et al., 2010) and decreased weight gain leading to anorexia. Symptoms of reduced body mass and shape in goats resulting from cobalt deficiency are confirmed by Kadim et al. (2006) . A higher resistance of goats than sheep to low amounts of cobalt present in their body was also found in their study. Another symptom was discolorations appearing on the wool produced by these animals and a characteristic discharge from the ears and eyes. Reduced absorption of nutrients and necessary trace metals, such as copper, iron or nickel, also leads to a decreased quality of meat from these animals (Stangl et al., 2000) . According to Taugbol et al. (2010) an excessively high amount of cobalt present in the blood of dairy cows can lead to a reduced level of fatty acid desaturation products in milk and in blood. Excess cobalt can also cause a reduced flow of divalent metals, such as iron and zinc, to udders and disrupt enzymatic activity in the mammary gland cells. Negative effects of cobalt accumulation have also been observed in the organisms of forest animals, e.g on growth processes in wild boar. Yarsan et al. (2014) found that excessively high doses lead to circulatory and nervous system disorders and bone diseases. According to Ceacero Other symptoms of the effect of cobalt include lower animal weight gain and a higher mortality of the born progeny. The surviving progeny can inherit the same defects as parental organisms. Due to the carcinogenic effect of cobalt compounds, it can also lead to the inhibition of DNA repair processes, change gene expression patterns or generate oxygen and nitrogen in a reactive form. It can significantly affect the FAS signal and the caspase pathways similar to this signal, thus contributing to the induction of apoptosis (Wang et al., 2007; Cheruiyot et al., 2013) .
The presence of different kinds of cobalt compounds in the air and food can significantly contribute to their excessive accumulation in bird organs. Albayrak and Mor (2011) report that these compounds accumulate in similar amounts in the organs of both sparrow sexes. The only exception is female kidneys, where much higher cobalt contents were found than in male kidneys. These differences are the result of the metabolism of cobalt participating in the activity of sex hormones. Females can contain much higher cobalt contents than males due to an increased amount of feed consumed during egg formation. After eggs are laid, cobalt content in female organisms decreases (Norouzi et al., 2012) . A study by Mansouri et al. (2012) on cobalt content in the organs of seabirds shows the opposite tendency, which is affected by moulting. It was also found that cobalt content in the organs of migratory birds was higher than in the organs of sedentary birds, which is significantly affected by the quality of the consumed feed.
Increased cobalt contents can also accumulate in bird feathers as a result of interstitial excretion from their internal organs (Norouzi et al., 2012) . Determining the cobalt content in young feathers allows its concentration in blood to be determined, while in older feathers it is not possible due to blood flow changes (Malik and Zeb, 2009 ). Another animal organism sensitive to cobalt contamination are the larvae of the silkworm Antheraea assama (Devi et al., 2014) . Excessive cobalt concentration in its body prevents it reaching the stage at which it is able to produce silk and may cause death.
Effect of cobalt on the human body
Cobalt in the human body, as in animals, performs an important role in the formation of vitamin B12 (Dobrowolski and Otto, 2012) . According to ATSDR (2004) 0.1 µmol of cobalt in the form of vitamin B12 supplies a necessary amount of cobalt to the human body. The highest cobalt intake which does not cause negative effects is 1800 µmol. Vitamin B12 deficiency is supplemented, apart from its supply in plant and animal products to the human body, also by the application of drugs (Ulusoy et al., 2012) . Its deficiency in the human body leads to the appearance of anemia, resulting from a low amount of produced vitamin B12. Another manifestation of a cobalt deficiency in the human body is disturbed functioning of the alimentary, nervous and osseous systems (Jonnalagadda et al., 2008; Soylak et al., 2012 Ryuko et al. (2012) report that the most frequent symptoms of potassium excess are skin inflammations and asthma. Frequent use of tools which contain cobalt admixtures, as well as the presence in industrial plants, significantly affects the induction of allergic reactions, mainly on the skin of the hands. The occupations particularly exposed to such risks are carpenters and metal workers (Thyssen et al., 2011) . The harmful effect of cobalt can also be the result of absorbing its too high dose with food and drinking water (Obiri, 2007; Upadhyaya et al., 2014) . This is particularly important for pregnant women who, depending on the type of consumed food, can accumulate substantial amounts of cobalt in their bodies, which also affects the developing fetus. This was confirmed by Chan-Hon-Tong et al. (2013) who found that a group of tested pregnant women eating mainly fish had a higher blood cobalt content than the women consuming sweets, fruit, milk products and soups. A study by Foster et al. (2012) did not find, however, differences in the blood cobalt content of pregnant women depending on consumed food. Due to genotoxic properties, it is important that the cobalt limit is not exceeded (Chan-Hon-Tong et al., 2013). A low cobalt content present in alcoholic beverages can cause the appearance of disease symptoms. This was confirmed in a study by Ulusoy et al. (2012) where it was found that the consumption of beer with a content of cobalt chloride from 1 to 2 mgdm -3 caused changes in the nails of palms and feet, called dyshidrosis. Other symptoms include frequent vomiting and diarrhea, blood pressure changes or headaches. High cobalt contents also lead to damage to the immunological system Valera et al., 2014) . Another symptom of exceeding the permissible dose is damage to DNA and disruption of its repair. Cobalt toxicity has a stronger effect in the presence of iron, to which it is linked by similar atomic properties (Ryuko et al., 2012) .
Due to its quite high solubility in systemic fluids, it becomes more mobile and also more harmful to all internal organs. Benderli-Cihan et al. (2011) found much higher cobalt contents in the hair of women with breast cancer than in healthy women, as well as the possibility of cobalt accumulation in nails and teeth. The defense reaction of the body to the presence of an excessively high cobalt dose involves physiological processes. Therefore, its amounts are highest in kidneys and liver (Ulusoy et al., 2012) . Cobalt harmfulness in the human body is also associated with the radiation of isotopes of this element, which are the cause of many short-and long-term diseases. An excessively high cobalt isotope accumulation also leads to an increased cancer risk .
Summary
Apart from natural cobalt contents in the environment, pollution with this element has begun to increase in recent years. The main cause of this is the growing extraction and manifold application of cobalt in different branches of industry (Biswas et al., 2013) . The appearance of cobalt levels exceeding the environmental threshold levels has led, however, to disturbances in the proper functioning of living organisms. Not only animals or plants which are the first component of the food chain are at risk, but also the subsequent trophic levels, where accumulated cobalt contents show signs of toxicity (Maguire and Collins, 2001; Basu et al., 2010) . The application of sorbents to soil (especially organic matter and calcium oxide) reduce the effect of cobalt on soil organisms and plants. A very important role in the removal of cobalt from soil plays phytoremediation by plant hyperaccumulators. High cobalt doses are not, however, the only cause of its negative influence on living organisms. The presented literature review shows that cobalt is also an indispensable dietary micronutrient for living organisms, from microorganisms to the human body. Cobalt deficiencies cause many diseases, whose treatment is a long-lasting process requiring, in most cases, diet adjustment to the dietary needs of a given organism (Soylak et al., 2013) .
Focusing on the elements included in the group of heavy metals is useful in assessing environmental pollution. However, it would also be advisable to systematically monitor cobalt content in the environment (especially the soil environment), which affects the quality of produced feed and food, which consequently directly affects the absorption of optimal cobalt amounts by living organisms. 
